
p 

H 
(/} 
(/} 
i:: 
CD 

I-' 

0 

\ .-

�· 

\ � 

" I I l 1 I \ --1 
' I I L�d./ 

___ J 
PARALLEL 

.PJ-A T_E_ __ CA F�\ CI TOR 

AIR _ 

T ,_ 

--+ ELECTRIC FLUX 
---->-MAGNETIC FL UX 

EB CURR ENT ENTERING 
PL ANE 

0 CURRENT LEAVING 

PL ANE 

IR3G6591 

�A �B 
,----- -- . . -------, 
I �I 1� I 

--.--11 ' I 0 : 
-- _; . l01:1HH. I 

I I-+- -<--I I ;-1-9:r:1�---t��� ---�r-; 
, e !""I' 10 10 I 0 ' 

: 1 }®t® * 1° 0 : 
I 

+-- i i --+-L_ __J 

l+A' � B' 
...::-.---- I\ -

METRES 

:-. : COAXIAL CABLES 

+l/-S 
v fo1sTANCE + ""'-7 
_, 

+ 

FIELD CONFIGURATIONS 

B'ig. 1-1 Fiel•. configural.ions in a Capacitor, 2-Wire Line and Coaxial Cable 

A 

A
' 

B 

;.-'] 
t:r1 

I� 0 
z 
:s:: 
c:: 

,z 
H 
0 
:i> 
...., 
1-1 
0 
z 

'"d 
?:' 

IH 
'.Z: 
0 
H 

I� 
! (fl ' 
lo 

(fl 
([) 
('. 
c+-
f-'• 
0 

,::i 

I I-' 



TELECOMMUNICATION PRINCIPLES C 

d 

Fig. 1-2 Potential Gradient 

(V'.J - V2) 
E = - d volts/metre 

I 
le IRL 

DIELECTRIC 
HYSTERESIS 

& CONDUCTOR VR0 LEAKAGE 
LOSSESR0 � V 

LOSS 
RL 

c Ve 

(a) 

I R 35027 lA 

v 
�LTS 

v 
VOLTS 

I 
I 

I R43455 l 

( b) 

IIc -- I 
I 
I 

s 90° 

DISTANCE 

Section 1 

Uniform 

Field 

E = - � 

Hon-Uniform 

Field 
ov 

E 
= - Od 

Fig. 1-3 

Fig. 1-4 Capacitor complete equivalent circuit and phasor diagram where ¢ is the 

phase angle and 6 is the loss angle 

2. Issue 1.0 



I 

IR36660 I 

TELECOMMUNICATION PRIKCIPLES C 

SERIES EQUIVALENT CIRCUI T 

VR 
= IR1 

0 ref I 

s = LOSS ANGLE 

Section 1 

¢ = POWER FACTOR 

PARALLEL EQUIVALENT CIRCUIT 

le= VwC ---- I=vj_.L_
2

_+_
w

_2 c
_2_ 

R2 

0 IR= _y_ 
R

2 

s = LOS S ANGLE 

0 = POWER FACTOR 

ref V 

CAPACITOR EQUIV ALENT CIRCUITS 

Fig. 1-5 Capacitor; series and parallel equivalent circuits 

Is sue 1. 0 



TELECOMMUNICATION PRINCIPLES C 

.-- ...... 

/ ...... -- .... ' I / --, .... , \ I , ' \ I I ( $--·'l-+-I -+'--
' \' ; , ,, \ , __ ... / 

' ......... _/ / 
...... __ / 

HO ELECTR IC FIELD 
(a) 

11350241 

+ + 
---

; .... , / ...... --, ' 

II / ,,.-, ' \ I I ' I ' 
' I  I \ I I ,,, · )-t-j--- -\ \' EB,,1/ 

\ ' .... _,,. .,,. 
' .... __ , "" 

..... ___ .,,. 

(b) 

DIRECTION OF 
ELECTR IC 

FIELD 

Section 1 

Fig. 1-6 Elliptical distortion of an electron orbit by an electric field 

HO ELECTRIC FIELD 
(a) 

I R 35025 I 

+ + 

{b) 

DIRECTION OF 
ELECTRIC 
FIELD 

Fig. 1-7 Polarization of molecules in an electric field 

IR 35026 l 

+ 
ELECTRIC 
STRESS 

+ 
FORCE 

Fig. 1-8 Dielectric hysteresis 

4. Issue 1. 0 



f---' 

H 
(ll 
(ll 
c 
rD 

I-' 

0 

f EDDY CURRENT 

CURRENT 
FLUX 

IRON CORE 

IR36661] 
EDDY CURRENTS LAMINATIONS 

Fig. 2-1 Reducing Eddy Currents by the use of laminations 

'>-3 
M 
t""' 
tr! 
0 
0 
:s: 

2 
z 
H 

Cl 
:i> 
>-3 
H 

0 
:z: 

'D 
::c 
H 

� 
0 
H 

'D 
t""' 
trJ 

\� 

er 
CT 
c 
er 
,_. 

0 

::J 

(\) 



TELECOMMUNICATION PRINCIPLES C Section 2 

R' 

+B 

(T) 

-B 

SOFT MAGNETIC MATERIAL 

IR36662 J 

Q' 

OP=REMENENT FLUX 

OQ= COERCIVE FORCE 
R:SATURATION POINT 

+H 

HARD MAGNETIC MATER IAL 

Fis. 2-2 Hysteresis loops for general, hard and soft magnetic materials 

2. Issue 1.0 



TELECOMMUNICATION PRINCIPLES C 

I I 

SERIES PARALLEL 

INDUCTOR EQUIVALEN T CIRCUIT 

OR 
= 

VARIATION OF Q FACTOR WITH FREQUENCY 

Fig. 2-3 Inductor Equivalent Circuits and Q Factor 

3. 

Section 2 

Issue 1.0 



TELECOMMUNICATION PRINCIPLES C 

ABSOLUTE 

PERMEABILITY 

IR356Sol 

SATURATING 

VALUE Of H 
MAGNETIZING 

FORCE H 

Section 2 

Fig. 2-4 Variation ofµ with changes in H in a ferromagnetic material 

+ 
• FLUXt 

- CURRE.NT o I i t2 t3 

11 
11 I' 

-.W.-----f -------
0 1 I 1+0 11 

1 I I 
- --- -L ·---- --------- -�--� 

TIME 

I 
I 
I 
I 

MAGl'IETIZ.ING 

CVR RENT. 

Fig. 2-5 Flux distortion in a saturated iron core 

4. 

t+ TIME 
I 
I 
I 

Issue 1.0 



(J1 

H 

Ul 
Ul .:: 
(j) 

f-" 

0 

+ 

+ 

to �1 
APPLIED 

VOLTAGE 

IR 3-G E64j 

TIME 
t4 

Fig. 2-6 Current distortion in a saturated iron cored inductor 

I 

I 

I 

I 

CURRENT I 

CURRENT i 

+ I 

I 

I 

I 

I 

I 

I 

if-=i r.'i 
L' 

tr1 

0 

I� c 
z 
H 

'1 

:1> 
f-'J 
H 

g 
L, 

'""d ::<1 
H 

·�� 

() 
H 

'""d 

I� en 
lo 

IW 
() 
c+ 
f-'• 

0 
:;:! 

N 



TELECOMMUNICATION PRINCIPLE_S C 

2 

I R35972lA {a) 

Fig. 2-7 Basic Transformer and direction of induced currents 

2 

I, 
0 

AMPS 

-I 

-2 

8 

4 

•2 0 
VOLTS 

-4 

-8 

-

I 

•• 

' 

I R35973l 

3 5 

(a) 

2 3 4 5 
t secs 

le) 

4 

2 

!h 
dt 0 

AMPS/ 
SEC_2 

-4 

8 

4 

•2 0 
VOLTS 

-4 

-8 

-

I 2 3 

-

-

(b) 

-

. 

I 2 3 
t secs 

. 

ld) 

Sect5on 2 

(c) 

4 5 
t SICS 

4 5 

Fig. 2-8 Diagram showing how the secondary induced emf is determined by the rate 

of change of primary current and the sense of the secondary winding 

6. Issue 1. 0 



-:i 

H 

!ll 
!ll 
c 
CD 

t--> 

0 

(R 3 6665 J 

Np Ns Is 

Ep Es Vs= Es RL 

Vp=-Ep 

lp=ls �s 
p 

o+ ref >I) CV RAD/SEC 

Is 

Es= V s 

Ep 

Fig, 2-9 Phasor diagram for an ideal transformer with a resistive load 

>-3 
t"1 
L' 
t"1 

() 
0 
3: 
3: 
c::: 
z 
H 

0 
:t>-
>-3 
H 

0 
z 

'""() 
� 
H 

z 
0 
H 

I� 
lo 

Cfl 
CD 
n 
c+ 
..... 
0 
::i 

"' 



IR 366661 

TELECOMMUNICATION PRINCIPLES C Section 2 

Ls 

.___ ____ __.o 

IDEAL TRANSFORMER 

COPPER LOSS 

Rp 
=PRIM ARY WINDI�SISTANCE 

Rs= SECONDARY WIN DING 
RESIST ANCE 

IRON LOSSES 

Ro= EDDV
H
��f :R

E
ENJ1t�8ssE S 

L0 =PRIM ARY WINDING 
INDUCT ANCE 

LEAKA GE INDUCTANCE 
L p= PRIMARY LEAKAGE 

I N,DUCTANCE 
Ls=SECONDARY LEAKAGE 

INDUCTANCE 

SELF CAPA CITANCE 
C p =PRIMARY SELF-CAPACITANCE 

Cs =SE CONDARY 
SELF-CAPACITANCE, 

Fig. ?,-10 Equivalent circuits of losses .inberent in the practical transformer 

8. Issue 1.0 



CD 

H 
(ll 
(ll 
i:: 
ID 
...... 
0 

L s 19 1-------1 
fVYV"\ • • � I I � 

Rs Is 

lo 

Vp 

1 
Cp 

I Ro L 
0 I Vs 
� I Cs 

I 
______ I 

IDEAL TRANSFORMER 

Vp = APPLIED VOLTAGE 
Ip = SUPPLY CURRENT 
Rp = PRIMARY RESISTANCE 
Lp = PRIMARY LEAKAGE INDUCTANCE 
C p  = PRIMARY SELF C APACITANCE 
Io = NO LOAD CURRENT 
Ro= EDDY CURRENT AND HYSTERESIS 
Lo = PRIMARY WINDING INDUCTANCE 
I B = BALANCING CURRENT 
Ep = PRIMARY VO LTAGE 

:jR36661 I 

Vs :SECONDARY T E R MINAL VO LT AGE 
Is =SECONDARY CURRENT 
C s= SECONDARY SELF CAPACITANCE 
Rs= S ECONDARY RESISTANCE 
L s  =SECONDARY LEAKAGE INDUCTANCE 
E s =SECONDARY VOLTAGE 

LOSSES 

Fig. 2-11 Complete transformer equivalent circuit 

>-'! 
t':l 
L' 

t':l 

() 
0 
3:'. 
3:'. 
c 
z 
H 

() 

:i:
>-'l 
H 

0 
z 
'ti 
� 
H 

� 

0 
H 

'ti 
L' 

.t':l 
I r:n 
lo 

Ul 
(]) 
() 
c+ 
..... 

0 
::l 

(\) 



jR366681 

TELECOMMUNICATION PRINCIPLES C 

lpRp 

Ep 

--

Ip 

I 

I 

I 

I 

I 

I 

'1 ,o 

C0s¢p = PRIMARY POWER FACTOR 
Cos<Ps =SECONDARY POWER FACTOR 

Is 

ls Rs 

Es 

Section 2 

Fig. 2-12 Phasor diagram for a practical transformer having a 1: 1 turns ratio and a 

resistive load 

10. Issue 1. 0 



r-----

______ I 

SIGNAL 
GENERATOR 

TELECOMMUNICATION PRIKCIPLES C 

dB METER 
No. 1 

I 

Section 2 

, - - - - --1 
I I 

I I 

I 600 I 

I 
I 

I : 
I I 
'-- --- - ---

dB MET ER 
No. 2 

INPUT LEVEL T O  BE MAINTAINED CONSTANT 

+1 

0 

-1 
GAIN 
(dB) -2 

-3 

-4 I 
I 

T YPI CAL TEST EQUI PMENT 

f 
, 

v 
' 

I 
I 

_RESONANCE 
, ' 

I \ 

I \ 
I \ 

I \ 
I \ . 

I ' 
\ 
' 
I 

\ 
' 
I 
\ 
I 

\1 
� 

10 20 50 100 200 500 1,000 2!)00 5,000 10,00020.000 

FREQUENCY (Hz) 

AUDIO TRANSFORMER FREQUENCY RESPONSE 

Fig. 2-13 Test equipment used and frequency response obtained when a range of 

frequencies is passed through an audio transformer 

11. Issue 1.0 



TELECOMMUNICATION PRINCIPLES C 

WATT METER 

IR35253I 

Fig. 2-14 Open circuit test to find core-losses 

Core loss We 

Ip 

p 

IR352541 

wattmeter reading -

(Power loss in wattmeter + 
primary copper loss) watts 

WATTMETER 

Fig. 2-15 Short circuit test to find copper losses 

Copper losses Ww wattmeter reading - power 

(loss in wattmeter watts, 

assuming the core losses are 

negligible) 

12. 

Section 2 

Issue 1.0 



1, I2 

v, E
-

I 3 .,. V2 
I 

Ri 
R3 R2 

C IRC UIT CONTAINING LINE AR IMPEDANCES AND MORE 
TH AN ONE E.M.F. 

I1b 

� 
lREMOVE V1 

�36�7ol 

l2b 

il3b 
� ----=.l

v2 

R2 

l 

FROM THE SUPERPOSITION 
THEOREM 

I 1 = I1a + (-I1b) 
:. I1 = I1a -I1b 

AND 

Iz Izb + (-I2a) -

-

:. Iz = lzb-12a 

AND 
13 = 13a+13b 

Fig. 3-1 The Superposition Theorem 

1. Issue 1.0 



TELECOMMUNICATION PRI�CIPLES C Section 3 

NETWORK ,----- --- -- --- --1 

I 
I 
I 
I 
I 
I 
I 
I 

z, 

L ______ _ _ _ ______ J 

r--- -- --, 
I I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I I 
L ________ _t 

� 36671] 

Zo COMPLEX CIRCUIT 

TERMINAL VOLTAGE 

INTERNAL IMPEDANCE 

ZJN = Z2+ Z1 Z3 
Z1 +Z3 

RESULTAN T EQUIVALENT 
CIRCUIT 

Fig. 3-2 Thevenin's Theorem 

Issue 1.0 



TELECOMMUNICATION PRINCIPLES C Section 3 

z, 

z, 

,----------, 

I 

I 

I 

I 

Z3 

Z3 

Zz 

lsc 

Zz 

�ZIN 

I ZIN Zo I 
I 
I 
I 
L _______ _ 

IR 36672] 

COMPL EX CIRCUIT 

OUTPUT CURREN T 

lsc = v x 
Z3 

Z1+Z2Z3 Z2+Z3 
Zz+Z3 

VZ3 
-

Z1 Z2 +Z1 Z3 + ZzZ3 

IN TERN AL IMPEDAN CE 

Z1N = Zz + Z1 Z3 

Z1+Z3 

RESULTAN T EQUIVALENT 
CIRCUIT 

Fig. 3-3 Norton's Theorem 

3. Issue 1.0 



"" 

H 
Ul 
Ul 
� 
CT: 

f-' 

0 

� 
AJ 

GENERAL CONDITIONS 

C:J 

Rl _ R3 
Rz - R4 

c::J 
Nzr-Ni � b bbN2 

STANDAR D(Zs) 

I 

5-•-; "> -
<;.,. �1\ 

T EST(Zu) 

cb 
I 

·z s 

I 
AJ 

Zu 

Zs 

zu = .!:!1 zs Nz 

T RANSFORMER RATIO ARMS 

>__.__: 
c;, ... ,. 

.:> L -rm t _! 

'Zu 

c=J 

i 
r-...---, 

r '> 
� � ... 
>- < .. 
� s 

L __ ..__..J 

VARYING THE VARYING THE T URNS R E AR RANGEME NT OF 
COMPONENTS TO MEASURE 
IND U CTANCE 

STANDARD IMPEDANCE RATIO 

Fig. 3-4 The 3-Wintling transformer bridre 

lt-3 
trl 
L' 
trl 
0 
0 
3: 
:s: 
c:: 
z 
H 
0 
:i:. 
>--3 
H 
0 
z 

'U 
::c 
H 
/� 

0 
H 
'U 
L' 
trJ 

I� 

lgi i� 11�· 
10 
,:j 

lw 



Section 3 

A+jB 

R 
A-jB 

MAX POWER WHEN R = r MAX POWER WHEN A+jB = A- jB 

IR 366 74 I 

F ig . 3-5 

POWER 

mw. 

60 

40 

Conditions required for maximum power transfer 

200 400 

MAX POWER 

WHEN R= r 
I 
I 
I 
I --------

600 800 1000 1200 
LOAD RESISTANCE -OHMS 

Fig. 3-6 Variation of load power against load re.si sUlncc· when the generator has an 

internal resistance of GOOQ and a terrniral voltage of 10 volts. 

jR 3 66 75 I 

(_Np_\2 
\NS) Z L 

Fig. 3-7 .lrq:edance matching with the aid of a transformer 

5. Issue 1.0 



I 

R 
I 

Fig. 4-1 Series circuit 

,,, 
� 
:c 
0 

TELECOMMUNICATION PRINCIPLES C 

LEAD 

, --
45 

v 
/?.R 

IR 3667Q 

Fig. 4-2 Current response 
and half po\'/Cr 
paints 

R 

E3&7H, IA 

0 

45 
LAG 

.J 
)( 
M 

I (xc-Xc) 
0 

u 
)( 

... 

Section 4 -----

IR 36678 

F'ig. 4-3 f'hase angle 

'1 
I ref' 

XL >Xe 

!Rl05�l8 

Fig. 4-4 Variation of resistance, Fig. 4-5 Series circuit phasor diagram 

capacitive reactance, inductive reactance 

and total reactance with frequency 

1. Issue 1.0 



L 

(d) 
I...,, R,....,.1-01,...,..S=s IC 

I 

IL 

R 

(Q) 

(R35348) 

c 

TELECOMMUNICATION P�IKCIPLSS C 

IL GREATER 
THAN le 

(b) 

Ic 

I 

� 
le GREATER 
T�AN IL 

(c) 

Fig. 4-6 Bran ch currents in a basic parallel circuit 

LEAD 

le 
' 

45° 

w 
0 c 

0 v 
45° 

- LAG 

(b) 

(d) 

f_. 

Fie. 4-8 t)h ::'c angl2 
a[:ains L irequer: cy 

Fig. 4-7 Parallel circuiL and 

phasor di agrco,:::: 

L 

(a) 
.... , R-3__,.59-7�0.....,J 

R( L" 

(b) 

I 

c' V R 

(c) 

Ic 

C' 

F'lg. 4-9 Simplificatior:: of the fe:'leral parallel t-uneJ circuit 

2. 

and 

c" 

T / 
LJ 

c -------

Issut.? 1.0 



TELECOMMUNICATION PRT�CIPLES C Section 4 

j r . l f 1 f l j j f " - �- t l + +-f-t -1 I I _,.. + . - ,. . . ,. 

: i : 1 J . ·1r r f' lt � t l �-; r ++1- -l '-
- -�= �tt�:��-Ft�:�- ,++-t::t--�-:..u· .... 

,,,.
m···· -���mm� 1 . r + t , + + 1 , J + 1 :t_ - - 1 - - +-+ �++ t- � -- +++ � ::< - 0 - u 

i ' 1 
1 t i t t ' ' -+ r j -t r -- - f-· - � t + -it -·+;-l,'booh,�rklr·:t< 'llo..tri,,.-.-1-1--r--r 

l ; I � 1 i t l tr •·· Tt: ! H 1! ·t�f -1'"- - - ; I _,_� �:r +$-t - -+A-+--+-++--+-:.+�1-1-+--++.::.-t+- ���!i;:!.��"!=+�t! 
i T 1 ' 1 I \ l - i - 1 . -i t· I •-i-1 +- 1-1 r t , 4 \ + t , , , ! · r · ·t , -r -- - 1 " t· -r -�- "T"- ,_ � -t--+-+-+-+-+-++++�-++-t--+-+-1-1-t--1--rcr-t 

, I I I , I I I I I I I 

Fi[;. 4--10 The universal response curve for a parallel circuit showing its resistive 

and reactive components 

" 
cl • Issue 1.0 



L VL 
v· 

R 

TELECOMMUNICATION PRINCIPLES C 

L 

c z 

Section 4 

LJ 
R 

VL 
OR 
IZI 

lRJG6SO 
j 

VL 
Q = -

v 

f0 FREQUENCY -7 

VARYING R 

Wal 

R 

VL 
OR 
IZI 

0---' 

- �� R C 

fa FREQUENCY � 

VARYING L 
c 

Fig. 4-11 Q f act o r of series and parallel tuned circuits 

LJ: • 
Issue 1.0 



0·707 

v
max 

IR36681 

TELECOMMUNICATION PRINCIPLES C 

LOW Q MAX VALUE 
MADE TO EQUAL 

Section 4 

HIGH Q BY RAISING VIN 

------- - 1 

I I 
I I 
I I 
I I 

I I 

I 
I 
I 
I 

I 

I 
I 
I 
I 
I 

�HIGH Q 

I 

: I 
O 

: : FREQUENCY 
I 1BANDWIDTHI I 

-�--- BANDWIDTH ----� 

Fig. 4-12 Diagram showing the effect of Q factor on the selectivity of a circuit. 

The bandwidth is given as the range of frequencies between the half 

power points. 

5. Issue 1.0 



L R 

E 

TELECOMMUNICATION PRIKCIPLES C 

c Q =Ve 
E 

Section 4 

PRINCIPLE OF THE Q METER 

LOW IMPEDANCE 

OSCILLATOR 
E � t--� 

VALVE VOLTMETER 

r ---- -- --, 
: INDUCT IVE I 
I COMPONEN T I 
I UNDER : 
: TES T 1 
I I 
L ________ _J 

THE LOW IMPEDANCE OSCILLATOR PRO VIDES CONSTANT E. 

THE VALVE VOLTMETER IS HIGH IMPED ANCE AND IS 

C ALIBR ATED TO READ DIRECT VALUES OF Q. 
IF C IS LO W LOSS THE CIRCUI T Q � INDUCTOR Q 

I R 36682 

Fig. 4-13 Simple Q meter 

6. Issue 1.0 



TELECOMMUNICATION PRINCIPLES C Section 5 

--,.. __ .....j,_ 
1000 2000 3000 4000 5000 

FREQUENCY 

Fig. 5-1 How the articulation efficiency (intelligibility) is affected by the 

frequency range transmitted. 

L all frequencies transmitted below the frequency shown on the horizontal axis 

H = II II above II 

----FUNDAMENTAL - - - - - - - - HARMONICS 

I 
l-LL 
" 

0 "' 

I 

-

?" ..---

8 -

I I 

i I 

I 

I 

TYMPlNt 

-
--
-

-,..._. 

-
I 

I I 
I 

-

I 

0 
8. --1-1------- -

--
_ _ !_ -+1--�"'!4.!l�� ---BASS VIOL --- - nr;l;L�--1--- -

-� 

--
-r- ��Sr Tl!..� ·--i- ·- - - -:!,R,!:i!!P�,! -i·- •... -1- _ 

I 

sUsooN 
I 

I _,_ rr------·-- --
i FLUT� 

I 

cUR1NET 

111 
I I 

I 
I I 

I 

PICC 

__ ... .. .. 

----
·- -----

-

;>LO 

- --

FREQUENCY IN HERTZ 

II 

0 

� 

II 

0 
g 
cS -

-- -- - -------- -
-----1-----
----

---
_._ � 

0 0 � 

·-

-.-

_ ,.... -- ---- .. -
_ _ .... 

�---

---

0 0 
� 

It 

Fig. 5-2 Musical instrument fundamental and harmonic frequency ranges 

1. 

It 

Issue 1. 0 



TELECOMMUNICATION PRI�CIPLES C Section 5 

SPEECH 3·1kHz 
CXX:XXXXXI 

MUSIC 9·95kHz 
kXXXXXXXXXXXXXXxXXX><XXXX><XI 

TELEVISION 5·5 MHz 

0 2 4 6 
frequency in kHz 

8 10 5000 

Fig. 5-3 Commercial bandwidths for speech, music and television channels 

+ 

v + 
0 

MODULATING 
1----=---+-----+----TIME SIGNAL 

CARRIER 
1-J..+�+.!4++-l-!4-t+H-il++H++++-++++++++t-t+t'H-t+11-ttt1T""1 IME FREQUENCY 

6000 

L 
T 

{CARRIER WAVE) 

A 
G 
E 

+, 
I 

.... 
I \ 
I 

' , '\ 
\ I 
... 

, 
I , 

, \ 

I 

\ 
\ 

, 

, 
I 

I 

I 

' 

I '\ 
I 

. I 
I 

I 
... I 

\ I 
\. \ 

\ ,, 

\ / .... 

I' ' 
,,,1 

Fig. 5-4 The :t=rinciple of Rmplitude modulation 

2. Issue 1.0 



+ 

+ 

LI.I+ 
C> 
!CC 
ti -
0 
> 

+ 

I 

\ \ 

,,. 
/ 

/ 

' 

' 

TELECOMMUNICATION PRIKCIPLES C 

(ci.) CARRIER 

(c) LOWER SIDE FREQUENCY 

' 
' 

' 

\ 
\ 

I 
I / 

I 

/ 

' 
' 

' 

/ 
/ 

' 
'\ 

� 
\ 

\ 
'\ 

' 
' I I 

I 
I 

I 

TIME 

--,
Vc-Vm 

' \ 

TIME 

( d) AMPLITUDE MODULATED WAVE 

l!lli�A 

Vmc 

Vn f } == Ve sin wt + � cos (W - p) t - cos (W + p) t 2 l 

= v c sin wt + v; sin { ( w - p) t + r } 
Vm { 

" 

re 
1 + - sin (iJ + 1:) t -;- � · 

2 ' � 

Fig. 5-5 Component frequencies of an amplitude modulated wave 

3. 

Section 5 

Issue 1.0 



AMPLITUDE j' 

Ve 

Vm 

Vm 
2 

f m 

J \ 

IR43648I A 

2 

TELECOMMUNICATION PRINCIPLES C 

3 4 5 6 7 B 

k-LOWER-__,�-J N k- UPPER -..I 
� SIDEBAND a 5 � SIDEBAND � 
2 

0 oo 0 
- ,....0,,, ..... 
'° 0\00 .,., 
°' 0\00 0 

--

lR4�037IA 

Fig. 5-6 Frequency spectrum diagrams 

4. 

Section 5 

f c 

fc - fm fc +fm 

I • 

9 10 II 12 

FREQUENCY kHz 

Issue 1.0 



TELECOMMUNICATION PRINCIPLES C Section 5 

DIRECTION OF 
ROTAT� Ve sinwt C=RESULTANT 

/P 
SL ���_._��-+-Su 

v;i sin{(w-p)t1} V;' sin{*"*p)t-i,2} 

1/-

+R .. R 

Su 

R 
R 

C=SR c • t�R �c le Jc C=R 
SU SU SR SU SL R R �L 

l �U & SL SL � -; R:O ( -) 
I I I SL SU I : I I SU ISR SU&SLSL I 
, 1 1 1 •sR 1SR 1 
I I I I I I I 

-----1 I I I I I 
...... I I I 1 I 

+R +R 
.......... I I : I I 

...._ I I I ,,,.,,, '....._ I I I,....,.,.,., 
+R R� -- - I ---- +R +R 

i--�-+-������--R���--R� R�;�-------'-'-�-�-�------ ...... �-��...----1-R 
-R -R -R .,.,., ..... ....... 

' ' ........ ..... ...... _ - --

/ 
- '� 

______ .,.,,ENVELOPE OF MOD ULATED WAVE 
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Fig. 7-1 The need for �orr2ct bias and the potential divider method of achieving 

bias stabilization 

1. Issue 1.0 



TELECOMMUNICATION PRINCIPLES C Section 7 

---- -V 

Vou1 

- le 

�le 
. 

'2 

Iou1 
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Fig. 7-3 h parameter complete equivalent circuit 
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Fig. 7-o Measuring the reverse voltage transfer ratio parameter hreQ,J:Hid:,)tbeoou}tput 
admi tt.ance parameter h0e 

where 

hie 
h-rr.e 

= v1 
v2 

hoe Y2 v, and 
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IR44004 ) 

Fig. 7-7 Equivalent circuit 

COJVMON BASE CC�ON EMITTER CCtvMON COLLECTOR 

(hll) hib 
= 35 ohms (h]1l hie 1450 ohms (h"l hie 

= 1500 ohms 11 
(h22l hob 10-6 siemen (h22l hoe =- Q x 10-6 siemen (h") h

oc = <-±2 x 10-6' siemen 22 

(h12l h,.-b = 7 x 10-IJ (h]2l h,.-e 7.6 x 10-iJ (h]2l h.,.-c = 1 

(h21l hf b = - 0.976 (h21l hfe = 41 (h"' 
-21) hfc = - '�2 

Note that the F orward Current Transfer Ratio (h*) for both common base and common 
J 

collector configurations is negative. The previous symbols t:.sed for the parameters are 
shown in brackets as they are still encountered ln some text books. 

F ig. 7-8 Typical values of h parameters fer an audio frequency transistor 
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Fig. 9-9 R.C. coupled valve amplifier and its equivalent circuit 
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Fig. 11-1 Typical Cathode Ray Tube showing the arrangement of the electrodes and 

voltage supplies 
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Fig. 11-2 Distribution of electric flux and the effect on an electron beam 
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Fig. 11-3 CornparisQn between electrostatic and magnetic focussing 
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Fig. 11-4 Electrostatic deflexion 
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Fig. 11-7 C.R.T. display when the time base has twice the frequency of the modulating 

signal 
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Fig. 11-8 Application of the C.R.T. in a television showing in block form the 

extraction of X and Y time base synchronizing pulses from the received 

signal 
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Fig. ll-9 Typical television signal. The portion from zero to 30% is used to 

synchronize the line and frame whilst that from 30% to 100% is used to 

modulate the electron stream 
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'' Material 

1 Zinc oxide 

2 Zinc silicate 

3 Zinc silicate 

4 Zinc beryllium 
silicate 

5 
I 

Zinc sulphide 

I 
6i 

I 
71 

Zinc sulphide 

Zinc sulphide 

8 4 and 6 

9 

10 

I 
11 ! 

I 
12 l 

I 
I 

13 1 
I 

::I 
I 

16 I 

Zinc sulphide 

Zinc cadium 
sulphide 

Zinc cadmium 
sulphide 

Zinc borate 

Zinc aluminate 

Zinc germanate 

Zinc beryllium 
zirconium 
silicate 

Calcium tungstate 
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Activator 

none 

none 

Manganese 

Manganese 

none 

Silver 

Copper 

as above 

Silver with a 
i 

quencher I nickel 

Silver 

Copper 

Manganese 

Chromium 

Manganese 

Manganese 

none 

Chemical 
Composition 

ZnO 

ZnO+SiO 2 

ZnS 

ZnS: Ag 

ZnS: Cu 

ZnS:Ag:Ni 

( ZnS+CdS): Ag 

(ZnS+CdS): Cu 

(Zn0+Al203l :Cr 

(ZnO+Ge02l :Mn 

[ znO+BeO+(Ti-Zr-Th 
-0 ) +Si09 ] :Mn 

,.., 

CaW01.1 

Fluorescent 
Colour 

Violet 

Blue 

Blue-green 

Green to 

orange 

Light blue 

Blue-violet 

Green 

White 

Blue 

White 

Yellow 

Yellow-orange 

Red 

Yellow-green 

Wbi te 

Blue 
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Medium 
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Short 
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Long 
> 1 

Very short 
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Fig. 11-10 Characteristics of some luminescent screen materials 
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